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EVALUATION OF SCAVENGIING IN TW(. STROKE-CICLR ENGINES*

By Herbert J. Vauzdiger

Previous researches on the scawvovaziag of two--stroke-
cycle engines gerved to determine thu following evaliua~
tion coefficients:

1. The quantitative scavenging efficlency mg:
2, The qualitative scavenging efflclency mgh
3. The two~dimenslonal scavenging-type efficiency mgr;

4, Utilizatlion of the energy of the scavenging medlum
NA-

Chronologically considered, the order of successlon
was revorsed, the start belng originelly from the ascaveong—
ing pattorn (ropresoniod by 3). Taus tae individual scev-
englng mothods (unaflow scevonglng, cross scavenging, coun-
torflow scavongling, loop scavonglug, aad turbulont scavong-
ingz) and thelr combinations woro dovolopod. The flow pat-
torn was goaorally obtalrcd in a simplo maanor and only
with rough approximetion by blowing smolko into & glass cyl-
indor model or by scavonging tho lattor at low veloclty
with alr coatalning pyrotochnic bodices, scwdust, or tho
liko,

Such mothods have now beon avandonod. TFor somo yoars
speclal attention has been given to gqualltatlive evaluation
with the engzlne running, and the methods of testing have
beenr B0 improved that the analysis of the exhaust gases
for thelr content in CO ané CO; can bo made with great ae-
curacy by meang of extromoly small controlled valvos, oven
at high revolution speeds (n = 2500 r.pem.) (reference 1).
If Vg4 = amount of scavenging medium introduacod into cyl-

inder,

*tTortung dor Spllung von Zweitaktmotoren." Automobiltechs
nische Zoltechrift, Juno 25, 1933, pp. 301-308.
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Vn = pormanent useful portion,

. Vr

i

residual gas in m® (po, To)., we then have

- _'n
o' = T Tg. (1)

for the qualitative evaluatilon.

Tor the quantitative evaluation which has thus far
been determined only from model tests, we have

Va' 3 .
neg = ;,{‘- (2)

. This efficlency coefficient accordingly ylelds informa-

tion rezarding losses of the scavenging medium and is of
special lmportance in engines charged with gas mixtures.
The two evaluations are related through the independent

quantity « = Vp/Vg in the formula '

- (3)

Me = @ g

|
|

'rlg' ’ (4)

Equation (3) means that, for mg' (1.8., complete scav-
enging), the amount of the scavenging medium must be in-
finltely great, a fact mlready established by Neumann -
with the aid of a complicated formula. 4 rough approxi-
metion cen be quilckly made with equations (3% and (4). 1If,
for example, o = 0,40 (a value observed in two-stroke-
cycle engines with crankcase scavenging), 1t follows that,
for mng = 0.70 (2 value found in crosswscavenging), no
Lhigher qualitative scavenging efficlency than mg! = 04,63
can be atteined., ¥orm mng' = 0.72, mg would have to be
l.0, 1.,e., there could be no losses of the scavenging
.medium, ot : .

If, on the other hand, the qualitative evaluation of
the scavenging of such engines at a given revqlution speed
ylelds the bes}.value ng' = 0.82, we then obtain an «a
value of 0,175 with mg = 0,70, while Neumann (reference
2) with a Junkers opposed-riston engine, with twice as
large charging pump and turbulent scavenging, found an «
value of 0,05,
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Ehe_Two-Dimanaiqnal acavqnsinngype Effic;ency

: “rn.=?:::-"? 'Tﬁ PR L R Z.“Tn??f“"f-* N R )
Ehd Piow 1a ﬂhe-crlindqr cqnnot be, closely followed

mathematically. One is thuas compelled to plot the form
of t?; ~agevenging ourve agcording to the geperal laws of
the ow thqotr in” ‘the. gylinder and usually assumqe that.
the low 18 pr;q%io&lly atéady. K certain'mean flow di—
req on ahd prgseure’ aré thén c&or&inaheﬁ_for _eyery pqtnt
1n ne cyllnder. :

. = . - PR RO Sae . - - LU
R R ¢ P y e T PR . i)

“Hitherto: &hé scdvenging ‘gattern has &iwdys been dbﬁér—
minea simply for the 2drgest loigitudinsl  eyXinder secttdn.
which %s -tormdd the- mafn lbﬂgitudinalﬂdylinder section.

In ‘this sectiod “the" scavengtng pattern fe-'Imown to’ show;‘
for every ecavenging ‘method; Indompleteiy scavenged oylir-
der gones, the slze and variation of which are to be de-
termined, - Thébe’ ‘zonasg are ‘called ‘head vOritcea near the
cyiindér head and. piston pockets near the piston head.’ :
The 1ocatioﬂ of ‘thésé zbnes oan:bé detarmined qulte acCu-
rately -(their variable dige’ dufing the'scavenging, 1ess
accurately) ny drawing tho scavenging pattern.

If the acavenglng pattern 19 drawn, - two fundamentalxy
poaslhlo formas aré first obtalned for all- acavenging neth-
ods- iz which the oxhaust and ‘scavenging ports are at tho-
samo -énd of tho platon travel, - Figures 1-and 3 reprvsdat
tne serviceable forme in cross and loop scavenging, whilb
fizures 2 and 4 show the deficlent forms, whexz the scav-
enging and exhaust -portd are shért-dircuited.” The latter
case will be diseussed  farther om:- Both cases are stabié.
1.9;. changes are produbed ohly by external influenced.-

. :'"\
. If the area-of the main 1ong1tud1nal ocylinder sectlen
(1ncluding thé area‘of the section of the coﬂbuatiu;cham—
"ber) is designated By ‘f, and the scavenged area (as indi-
tdted by the- streamiines) by  p, the factor: .mge = p/T -
then represents the two-dimensional scavenging=~type. effi-
clenc¢y of this cylinder section. This will be the next
subject-discussed, insofar as not otherwlse expressly
stated. The exhct value of p can be determined only un—
der simplified assumptiens based on model tests, as re-
centlyldone by Lutz in his fundamental. work "Untereuchr
ungen dber die Spulung von Zweltaktmotoren" (Dissertation,
1932, published by Konrad Wittwer, -Stuttgart) for the
loop-scuvenging funiamental form I.(¥M.A.N.). ..It tan be
shown, however, that sufflcisntly accurate valwes: for" 9,
at least for the maximum opening of the ports, can be
dotermined dy sketching the imaginary flow, This is im-
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portant, because the efficiency of the v&rioue ecavenging
methods can thus be compared and a seriles of important
concluslons:based on this .psesumption aps, for example. all
the pertinent petent msthode and righte,. "

- Foxr qbvione reagong n,f is 1nt1mnte1y dependent on’
f,-. that 1a, on -the stroke rptio of the engine and on’ the’
height of the: scavenging port. Experiments have ehown‘
that mge reaches 1ts maximum at a very definije height |
of the scavenging port, and that therefore maef doea not
‘sontinue to ‘intrease in proportion to the height..of the
‘ port (as Luts conoluded in the above-mentioned dieserta~
tion, page 48).- For -obvious reasons the dewelopment of
the ‘desired type of flow is.physically impossibdle beyond
‘a’ certain helight -of the ecavenging porte .

Enginés of the same type and slze, with ecavenging
ports 15 or 16 mm (0.59 or 0,63 in,) high, show, qn-the
test atand, clearly differing bebaviors, although ‘the va~
ristion'is hardly -13.6 percent, Of course this variation
cannot be explained by :the ‘difference in the scayenging
type alone, since a series of other influences are simulta-
néously involved. It-is.-guiteiobvious, however, that in-
creasing the ‘helght of the ecavenging port beyend a certailn
limit 1lmpalrs the engine in almost:every respect. Henco,
soeveral viewpoints muet be conetderei in designing the
scavenging ports. . - -

From- the ‘vlewpoint ‘of the flow. the size of the mein
“ longltudinel cylinder section (e.gZe, .in :loop end cross .
gscavengihg) 1s indicated as soon as the bore and stroke

are settled. The guantitative dimensioning to permit the
rassage of the right amount of .the scavenging medium is

then simply a function of .the width of the scavenging port.
The scavenging pdttern for the maxlmum scavenglng-type. ef-
ficlency Mef max Yith respect ‘to time,- l,e., with scav-

enging port: fully open. shows, in- agreement.wlth the meas-
urements, that the width .of the stream through the out- .
line of tne longitudinal cylinder section having the max—
imum- flow velocity cannot exceed & .third of the cylinder
diameter. ‘Af the form of the ecavenging pattern 15 to be
like figure 1 or 3. ) .

The eize and arrangementrof tne:eeavenging pqrte ‘must
therefore be: coneidered @rom the following four prineipel
viewpointe. _ L
. Ti.'. .
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l. ic?prdjng to the form of the acavenging pattern
h'---..r nsfl

Bl F ..i . I L .
iy 2. Apcqrdtng to the size of the anavenging timg .eross
-t eection f f, dt,

. ac . . . .
e b s. Acoording to tha availabie poavenging time '%,__f

4. #ccording to ﬁhq requiped engina characte:iafics
cosE (£full- apeed. qmuising @pee&.»torque. best fuél
we bo.om consumptinn%, ' 1 . A
it . Be Turbnlenqe of the-scavenging msiium. as]inﬁﬁba#y_
; qi; engines. ;- et e T

Aa regarde 1tem 1, varions investig&tiona have shown

that the form of the. scavengins Patie:n correaponds, on

i the whole, -to thg. existing conceptions. The pattern con-
tiavally '¢hanges, however, . during the scavenging. With
the seavenging port widg open, Tgy vTeaches 1ts maximum
irn point .of time, the head vortices and the piston pocket
afte the smallest, .and the wildth of the core of the scav—
enging: stream.is the greatest, .Conditions change ixn the
reverse order,  as the qcavengingrport opening grows smalle~
er. t.e.. the acaveng;ng pgttern “oreathea." ..
> . For the loop acavonging, fundamontal form I, lutez
fbund a two—dimensional scaveuglng-type efficiency Mef =
0.7 with wido~opea scavenging port, 0,47 with port one
third closed, and 0.32 with port two thirde closed. The "

3“cy11nder dlame$er: D was 250 mm (9,84 in.);.the piston
stroke: -8, 479.,5 mm (13 88 1in.); and. the he:lght of-the
scavenging port.. lg, .38 mm (1,50 in,).. KEence:the.coeffi-
ctent B.& 1g/D - (the "acavenging-type coefficlent") has

~'‘the value 0,152,  -Thils value, whioch 1s- too,smal}l from -the
purely écavenging viewpoint, was adopted because the use-
ful atrdks (which ie'only 76 percent,. due to the parti-.
tiom 37 mm (1,46 1n.) high between the pxhaust and scav-
“'enging-ports) .  would obviously be too greatly reduqed with
tetter scavenging ports.

The mazimum value of ﬂ‘f wiﬁn rﬂspeot tQ time dpter—
'-minaa'the gucceas of the. scavengling. From this -follows the
baatc dcavenging ‘requirement that. the scavenging pressure
wtth Fally: open 'port must not. already have- .begun to .de—
 créase,’ bub ‘imist show:its-.permiselble ior ‘reguisite maxi-
mum value, Tals requirement determines the timlng of the
scavenglng delivery. In this connection 1%t must be re-
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memberéd that an exhaust pressure py o0f 2°to 2.5 atmos-
pheres exists in all hilgh~speed two~-stroke~gycle engines
at the instant of opening the scavenging port. The scawv-
“enging can first bezin at about 20 to 30° before the bot~-
tom dead center, according to the helght of the reguisite
scavenging pressure ©pg (reference 3). This is very fa-
vorable from the vliewpolnt of the scavenging type, be-
cause the oexhaust gasos are lmmodiatoly onmbraced in the
brodd étr¥eam. In a two-strdke-cycloe engine with a piston
cidarglig pump the lag of the tharging pump must be adapt-
ed to these conditions, i.e,, the angle of lag V¥ with
respect to the working crank must be so chosen that the
maximum pressure of the pump, required for the use of the
scavenglng medium in question, will:occur 20 to 30° before
the lower dead center of the worklng plston. If, for ex-
anple, theé worliig piston has a-total scavenglng crank
angle of 2 Yy = 120° . -and if thé ‘iseful cogpressi
strokoof the charging: pump 1s likowisoe 120 thaﬂtlming
18’ atdcordingly correcét, wion tho angld of lag V¥ ¥a'so0
choson that a -pump prossuro of 0.45 atm. is produced about
25% before the bottom dead center with a congumption ‘af--
the scavenging medium of )45 = 0,8 at = = 3,000 r,p,m.
In the most common- ¢ase, the scavenging time cross sec=
-fiones of the engine and of 'the pump must be changed., OFf
course tihe same timing 1s Eultabdle for other devices for
supplying the scavenging medium, such as rotary and cen-
trifugal .compressors, blowers, etc. The prevalent idea
that ‘the-pressuro wave comes from the scavenging pump at
the moment of opening of the scavenging ports (reforence
4) procseds therefore from fundamentally falae assumptions
roegarding the expanslon of the exhaust gases.

-2t -aAg. already mentioned, .the scavenging-type coefficlent
B:..-pldys an lmportant rola. The theoretical scaveaging
pattern attainatle with the best value of B for the
eross scavenglng 1s represented in figure 6. The maximum
two—~dimenslonal scavenging~type efficiency for this longil=-
tudinal cylinder section is not smaller, as one would ex-
pect from practical experience (in accordance with which
the loop scavenglng actually ylelds better results), dut
even larger than that of the loop scavenging (fig. 3) and
.indeed because the scavenging port at the same dead cen—~
ter (upper .edge of exhaust port) can be higher than in

the croas-agavongins engine, The lattor engino nmust
thorofore be capable of boing brought, at tho szmeo power,
to an oquivalent sveclflic fuol conswmption, providod it

is posslble to attein the scavenging pattern represented
in_flgure -6, Obviouely tuis is 1mpossible with the ordi-
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nayry Gefivcting pistcn. Thé scavengling pattern g really

very- 4nsymmetrical.toward the exhaust side.’ The vortex

poackeb: 7 18 smaller; :but this 2g offset by the large ex-
hausjnvprtices 8y and.ds’ in the-oylindor head. It 1s

known-that, even.in.the cross-scavedging typo; the dAiffi-

culty.-consists.in,doflecting the. scavonging curreat 1, 2,
3, a8,.shpown: in- figwre. 6, This 18 the only differonco as
comparod with tho loop scavoaging. In the idoalized pat-
torn, tho: crosp scavonging 1s -even.bettor. The helght of
the scavonging port should be ample, so ap to yleld the
greatest .possible value of nzp, According to previous
investigations, "the size is'corrth. when 15'= cl''s =

0 20 ‘to ‘0.285 D. . ST e

. Oertain two-stroke-cycle engines have the follbwing
characteristics. : . _

R S ) -g!
- Ty em3 - 8 (mm) D (mm) s/D B = Q;g

63 64 1,01 0.190

200 , 12 . 59 v laR27 7. 0,204

.70 60 1lel6 -7 045192

68 . 74 . 0.92° 0,175

82.6 68 1.21 L 06199

One is accordingly texpted.to lay down the principle
that two-=stroke~cycle engines should have a large strolze-~
bore ratlio. This regqulremeat 1s also advocated by Lutz,
Experience shows, however, especially in the case of high-
speed engines, that this seemingly obvious conclusion-is not
universally valld, since elastlclty, high speed, and low
espeed all require more or less opposlte measures in such en-
glnes. The correct balance botween the two regquiroements
mugst rathor be found for each individual case, Under all
circumstances, stroke ratios below s/D = 1.0 should’he

&avolded,

-

Regarding itenm 2, the quantitative dimansicna cf the'
scavenglng ports are determined: !

'a) From the amount A, . of the scavenging mediqp'ﬁ'
used, ) o .

b) From'the ccévengigg_prcsdﬁre Pgr. .

c) Trom' the maximum'-revolution spaea.
d) From the expanslon process in the workiling cylinder,
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The scale’factod 1's 'deternined &8 tHe time cross sec~
tion Zg (m® s, cm® X 6) or as the angular cross section
Ve .(m2 deg., am? dege)s .. Sirigtly speaking, the.expanslon
prﬁqqqs is nnkn vn 15 the designing. .. Since.‘in all high-
egped engifiés, tHis extenda far .into thé geometric scaveng-
ing’ period the. mean scavenging timq qroee gsectlon must
be zo.ﬁercent greatar than would’ follom from a) and b).
vt To: the quantitative dimensioning{ it doee not matter
at firgt whether "the’ -calculated ecavenging t'ime . croee g.oec-
tion ig’ obtained through high and aarrow.or.low and wide
ecavanging ponte. According to the preceding, such.porta

fa.bo regarded.as high when tane valua, B 1s greater.
than 0.20 to 0. 25, while porte whoee scavenging-type coef-—
ficien't is much snaller than 0.20 must be 2 pgarded as.low.
If glvea the cholce, one would be tempted to prefer the
low ports, 1n order to lemgthen the.useful stroke and also
to prevéat a too long and violent indectiqn of the hot O
hnust gcases into the scavenging port.

. The etrictly ecavenging viewpoint does not admit of
thlis cholce, sjince it requires exactly the opposite, The
often necessary and very costly testing on the stand 1is
savad by maklng the scavonging ports at tke outset as high
ag8 is compatible with the other requirements. Without ex—-
coption 1t has always been found that the scavenglng ports,
contrary to thg tendency 1n other kinds of construetlon,
must be made higher than projected. .

- The adaptabllity of the porte 1is important. It 1e
obvioue that these difficultios would be eliminated by -
liners, especially when the ports are distributed . over: the
whole clrcumference. Unfortunately no beginning has .yet =
boen mede in this reapect in high—speed two-stroke—cycle
engines. . .. .

[ Y
' -~ .

.. It has been. shpwn that the quantitutivo dimeas;@ning
of the scavenging ports 1s correct, -when the specdfic scav-
englng time cross section (referred to- one cubic. moeter .pls-
ton displacement) in high-speed eagines at 3,000 T.pemde -
with a scavenging efficlency Ag (= Vg/Vy) of 0.65 is
avout (Zg)lg = 90. cm® s/md . -or the specific angular cross
section (Wg)g = 1.6 X 10 e 8egde/m3. For engines re- -
quiring more of the scavenglag medium, the given number
must be multipliéd by the quotient Ag!/Age. Fér engines
coming under practical considoration, maximum values of
about 200 ecm@ s/m3 at 3,000 Tipefe 8T8 thus, obtalned.

LI " - . . “egem - i 9 . . "
S A T e i R e L o L A T S TS LR S TS AP
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..The factors Mg, Pp:; n, and pg,. which determine -
bha.size ‘of- the scavenging ‘port, mutuaIIy depend oii' one an=—
otner. .

. Such a. high scavenging prenanre is not practical for
the followling reasons: .

a) The energy I required to supply the scaveng-
ing mediun 8 excessive;

b) The final compression pressure p, and tempera-
ture t, 1in the.working.cylinder - 1s too high;

c¢) The scavenging efficlency -(ng,» Mg's MNgf) 18 poor,

The megnitude of A depends especlally on Db and c.
The scavenging mechanism (piston punp, centrifugal pvmp.
rotary blower, etc.) compreeses héourly Vg 60 n (m® : [ po,
To)l) from the atmoepheriec pressure to the scavenging
Pressure pg. The compresslon is first made at the pres—
sure pi, resulting from the compresslon ratlo and the
valve setting of the pump and thea, with constantly in-
creasing revolution speed, at the higher pressure pg be~-
fore the scavenging portss Tho isothermal power for this
is

Hjg = C Ag log pg/po (BP.) (5)
where Vg = Ag ¥V, and C = 0.0852 pg V, 60 n

 With hs remaining constant, Nig increases as rep-—

resented in figure 6, which shows the characterlstices of a
high-power two-stroke~cycle engine of one liter piston
displacement, such as may pernaps be realized within a few
years. The conditions are made as favorable as permissi-
ble and a scavenging pump 1ls assumed 1n which Ag = 1.0
remains constant throughout the revolution—apead range.
With the mean effective pressure pe. = 7 kg/cm® (99.56 1b./
8qesin.), the power at 3,500 T,pem, ?n) 1s about 54 hp,

The figure shows the full-load characteristic plotted
agalinst- the scavenging pressure Dpg, which lndreases wlth
the speed. (TFor the relatlon between the absclssa values
and the vertloally plotted. revolutlon -speeds, ses figure
9.) .It is shown that the. percentile share ¥ of the power
¥p of the scavenging pump increases. greatly, because the -
.1sothermal efficiency mig 1s relatively poor at all den-
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sities and seldom exceeds 0«65, while generally remaining
“between 0,456 and 0,55. Acéording to the ‘type of the come
pressor, the share YV, with respect to XNg, ocan (through
alr. turbulence. mechanicael losses, etc.) reach 25 percent
and moie.* The statements of V¥ = 5 to 8 percent for Np.
often found in technical reports, are therefore never
warranteds If Mg .1s made .still greater than in this ex—
ample, V¥ then acquires .values which can no longer be ace
cepted. Such engines cannot be operated economically.

Scavenéiné Pressure and Consumption of

‘the Scavenging Medium

The scavenging pressure increases with the consump—
tion Ay of the scavenglng medlum according to the in-
crease’ in the scavenging time cross section and the ac-~
tial scavenging time., ‘It dependsd therefore essentislly
on the height of the scavenging port,

The following values wore obtained with a well-kuown
200 cm3 ‘(12,20 cu.in,) crankcase engine in agreement with
measurenents on equivalent englnes of other typesst

Specific scavenging time cross section (f £5 dt)g =
(Zg)g = 95 cm® s/m® (3,000 n);

Percentile scavenglng-port height o' = 0,187;
Scavenging-medium consumption at 3,000 n = h,; = 0,653
Scavenging pressure psl =.0. 35 atm.

.This engine can.bs run successively (after 1nsta11a—
tion of its own scavenging pump) with ever greater con-
.sumption.of the scavenging medium. The scavenglig pres-
sure correesponding to every Ay can be approximately de-’
termined in advance. The result is ehown in figure 7,
Corresponding to  the higher load and the requisite ex-_
haust .period, the pressure p, in the ezhaust passage in--

*In present-day rotary compressors (centrifugal * compres-
sors, etc.), this 1s, in fact, thé rule. Hemce the Np
curve of figurs 6 is- now twice as high. .
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creases just enough, as shown 1la the flgure.

The extended curve shows the course of the scaveng-
.:ing pressure., It shows that the velocity o4 of the-
‘scavenging medium at the ports must increase in proportion
.to the greater charge. -

Iqr:the subecritical pressure zone

-1
==
k P
cg = @ 2 3.1 R Ty 1-1)—:) (6)

If A‘Bl' PBI' le and Ksal psas Pza are corre-
sponding terms, we have
' k-1l
1 k

\ abs.
- \Xg—) 1= —:I/

The temperature Tg 1is put constant, that 1s, it is
correspondingly cooled for the greater consumption of the
scavenging medium. The line shows taat, even for Ag = 1.0,
the scavengling pressure must be 0.9 atm. Beyond Ag = l.l,
where pDpg = l.2 atm., equation (7) is no longer valid,
since the critical compresslon ratlio B = pg/pyg = 0.63 18
exceeded,s The curve, which (for reasons whose explanation
would lead us too far) 1s not striotly accurate, agrees
exceptlonally well with measurements in the region Ag =
Oe4 to l.1l.

Instead of equation (7), we can gquickly" and conven—_
lently nse the approximate formula

Aga™? -
Pgz = (Xi%) Pgy atm. N (8)

which 1s represented by the dagh~dot line 1n figure 7.
This 18 sufficlently accurate in practice. The figure /-
shows that the scavengling pressure assumes impractically
high values beyond Ahg = 1,0 and, further, that the nor-
mal port dimensions of the ordinary crankcase engines
could sufflce, at most, up to - Ag = '0.9. Of course the
scavenging time cross section 1if actually 1ncneaa?d with
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increasing Ay« The only duestion is how far this is pos-
8ible. It foilows that adequate time cross sections can

be found for every scavenging method with practically util-
izable MAge Since interesting comparisons can be made be-
tween the individual types, the possible arrangements will
be briefly discussed., In a superflclal consideration, on-
ly one scavengling method can be employed in which the
wvhole clrcumference of the cyllinder can bo provided with
scavenging porte. This leads to the three following meth-
ods.

le Use of the loop scavenging wlith exhaust and scav—
enging ports arranged one above the other (fun—
damental form I of the loop scavenging (M.A.N.) )j

2. Use of the unaflow scavenging from the bottom
dead center to the top dead center or vice versas;

3« Use of the U~cylinder.

It 1s to be assumed that there 1s need of the largest
poesible time cross section only for a large consumption
of the scavenging medlum. In this case, -which we are now
considerling, with arrangements 1 and 2, the outlets must
e contreplled. It is of no interest here as to how this
is accompllished. .In arrangement 3, the control 1s more or
less. effected by the unsymmetrical port control,

The helght of the acavenging ports is determined by
the scavengling pattern., Since [ £ dt 4increases only
linearly with the width ! Dmwm of the ports but almost
quadraticaelly with the -height o' s, & long-stroke en-
gine is requlred for large MAg- With respect to the port
brldges and the catching of the piston rings 1n the ports,
the practically maximum value of V' is 0.60, which is used
ia the calculation.

If s designates the stroke, D the ecylinder dlam-
eter (bore), A = r/l the connectlng-~rod ratio, and 2 Qg4
the total scavenging crank angle, we then have for the
time oross section in cm® s (four-cornered -ports)

+Qg
[ f£gq dt = Zg

! pTN A
= &Pﬂ [(\20"- 1+Z’5cps+ sin ¢g -~ -é-s'.l.n 2%] (9)
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andpfor the qcavenging-angle cross section (cm® degrees)

Dy o alsd o3 1 +QB . . .
f fg d p° =Wg = 6 n Zg (10)
Let us consider a cylinder of 260 om® (16,26 cu,in.)
plston displacement, which has proved particularly effi-
caciougs. Repregsent the stroke ratio wlth respect to the
inortiaifpress by 8/D = 1l.5. Tor.ths.cylinder wo then
have .8 =:90 mm.(3.,64 ins) and D = 60.mm (2436 in.).
Tho. rasults obtalnod with those valuea are gilvon in the
table. where .0!' and V! rofpr to the scavenging ports’
and '0_and ¥ to the exhaust ports. We thus obtain the
following comparison. e :

Unaflow Cylinder

For o' = 0.20 the scavenging begias at the bottom
dead center, The exhaust valve is in the cylinder head
and opens 0.,0B 8 before the opening of tiie scavenging port.
The gtroke loss is therefors oy = 0.25.

iobp-Scévenging Cylinder

Eundggental form-I,» The exhaust and scavenging ports
1ie at an angular’ distance of § from one another. _With
the stroke loss Oy = 0.25, only the value 0.10 remqins'
for o!'. Conseguently the scavenging-pattern coeffitient
B = c's/D roaches only the insufficient scavonging value
015, The attainable time cross sectlion is only 0,357
times the 2Zg of the unaflow cylinder. In order to ate
tain a better P value, we mist admit a stroke loss Oy
of at least 0,28. S

Fundamental form II.~ This designates the loop scav-
enging, in which the scavenging ports, lylng at about the
same height, are located beside the exhaust ports.. One.
would think at firet that the scavenging time cross sec—
tion must be smaeller than in the fundamental form I, begr

.cause the lattor has the whole cylinder circumference ati;

" its disposal: Such was found, however, not to be at all
the case, With the same stroke loss Oy, Zg 1is not small-
er, but over 40 percent larger. The scavenging form coef-
ficlent p 18 .more favorable. The relations change rap-
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1dly when 0', of the fundamental form I, is madé larger
(column 2 of the loop-seavonging-engine in the table;.page
24).

W W  U-Cylénder
'_::_ - " e . .o TR B io.. . E . '
-.* . The U=eylinder mmek, -of course, divlide the stroke
volume. .In.the presend casp: D = 48 mm. (1,89 in,) and

8 =70 mn (2.76. in.).- The volume loss Vy (cm®) 1s the:
smalleat ameng the posslble arrengemonts. The time crossg
section 1s 0,62 timos the .Z4 of the unaflow engine.  Ia
the U-cylinder~the connecting rod of the scavenging pis~-
ton 1s articulated to the connecting rod of the exhaust
plston., The simplified assumption 1s here made that- the
articulated connecting rod oscillatea in 2 circle 1nstead
of in the actual ellipse.-

Results
The unaflow éylinder ylelds the greatest. time: cross-
section; next comes the U~cylinder and ‘then-the loop-
scavengling cyllnder. The ratlio reads 1 : 0,62 ¢ 0,35

or 1 ¢ 0e62 : 0,50, With a small stroke ratio, for ex-
ample, s{D = 1,03- (8:= 70 mm (2.76 423)), D = 68 mm
(2.68 1in. Yy = 255 cm® (165.56 cuein.), the unaflow
cylinder }for o' = 0,20 = constant) can always reach
-150 cm?® 's/m®, +that is, more them. the:loop-scavenging fun-—
damentel form I with the large stroke ratio 1,5 and almoet
as much as the fundamental form II. The unaflow.cylin-
der cah therefore be used at a higher speed. than any other
type. 4t 6,000 ripem., for example, the U~cylinderiunder
consideration would have 106 cm?® s8/m3; - the: unaflow cyls-
inder ' Zz =75 cm? g/m® with /D = 1,03. It is dombi-
less 'eaBler, however, to bring this single-cylinder en~ -
g€ine to 65,000 n than the U~engine with opposed pistons.. -

. " The table .shows that the types under consideration
yiel& time cross sectlons which guffice for evary practi-
cal ase 'of 'the -scavenging wmedium, if 3,500 to 4,000. r,pe.ms
is -asspumed to. be the maximum, A4s already mentiomned, .‘the-
only question is the control of the exhaust ports.by their
own “‘devices ‘since,. with the use of the scavenging medium
of more than 1W0, .the union of the charging .blower with

" exhaust po}ts'not antomatically: controlled ‘wéuld -be purﬁ

poseleas eu:u.d..u:uer:omnn.i.z‘.a.l...*r In this connection we will
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consider what mazimum values of Ag' are involved. The

"sc&vunging prasaures ere representod 1n figure 9.

Scavenging“Pfessure-apd Revolution Speed

In the two-stroke~cycle englne, the scavenglng pres-
sure increases with the révolutlion speed. The climbing
speed depends on Wwhether it ie an engine with the amount
of the scavenging medlum dependent or not on the revolution
apeed. The former groh§ includes thoge engines in’ which,
due to the’ nature 6f the-drive, the gquantity of the scaw-
enging medium generally differs for every revolutlion speed.
The-second group iacludes- all engines in which the'requi-
slte quantity of the scavenging medium depends only on the
volumetric efficlency of the scavenging pump. The' first
group 1s represonted by an automoblle eagine, in which
every position of the throttle valvo _gouorally corrosponds
to a differont rovolution speed, The s ecdnd’ group 1includos
the statlionary enginea. -

In* automobile engines, full load at any revolution
speed occurse_only in three exceptional cases. namely, ‘on
tho test stahd in hill climbing and, lastly, at the ma x—
imum speed ‘of the vehicle on level ground, In all other
cases, which are far more numerous, the delivery of the

‘scavengling medium is throttled. Since the scavongling pres-—

sure deponds on MAg, 41t is consilderabdly less in driving
than on the tost stand whoro the ongino 1ls generally op-
oratod at full load. Thopo conditions arc represonted in

"figure 8, The scavonging proceeds thorofore nore favora-

bly  in drlving than on the test stand, and consequently
the driving speed for the most favorable fuel consumption
in the two-stroke-cjicle engine is more pronnunced than in
the - four—stroke-cycle engine, It is: therefore favorable
for the formor, especially in hill eclimbing (where Ag 1is
large) not té open the throttle wide. 1Im fact 1t 18 in
agreement with the main process that the fuel consumption
(1n liters per 100 km) of the two-stroke-cycle engilne 1is
generally much more favorable than that shown by the val-

_culation on the basis of the by value (g/ape/h) of the

test roport. On the basis of théso simplo considerations,
the following claims can be mado for an automobdlle equipg od
with a two-stroke~cycle engine: "least possible gear' sHif
ing, moast direct drive possilble, &t1ll better high spéwd,
because at moderate r.,p.m. the scavenging pressure 1is loy
and consequently the scavenging efficlency and fuel consgump-
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t1on are also ‘Jow. To-be sture, thée timée cross. Bectidn of
the exhatist’ ports increases and aldo the poesibiliiy of -
greater loss of the scavenging medium dbut, since the veloc~
ity of the scavenging medium increascs much faster with in-~
croasing scavenglng pressure (at least in engines which
uso considerable gquantitios of the scavenging medium) the
scavenging efficlency 1is nevertheless better than at high-~
or revolution speeds. : .

. .o r.s
1 .l o f .

Lo .'uoreover, ‘the 1ncrease 1n ‘tHe @cavenging pressure with
- the revolution speed is based on the followlng main grounds.
. " 1o Lag of ‘the expansion process in the wozking cylinr
. ier, due to decreaslng ezhaust -time -cros®s sectian,
- S i EE
e 2. Decrease of the scavenging time cross section..

"

3. Beduction othhe scavenging and charging periods-

B Increase in - heat-transfer to the sdavenging medium
(heating from exhaust gases, frictiom,-air turbulenge, 6tc.).

The scavenging P ‘econpreésses the. scaverging /modium
from the pressure p um%intake ‘pressure 0.92 10°0,98-abs.
‘atm, with open valve corrésponding ‘to the position of
the throttle valve, with the compréssion ratio §, %o the
final compresslon pressure Pi aecording to the formula

.pi- _ g_j: ) . (11)

“This thédretical initidl ecavenginb pressure is. valid
only at high revolution speeds, because the. dcavenging me~
“dium at low revolution: apeeds expands in the scavenging

“ports- add in part escapes from the pressure side even dur—
iag the compression. Thue two-strolke~cycle engines with
‘pi-= 1.3 end 1.6 abs. atm. show, oven at.1,000 r.p.m.,
the samo vanlshlngly low scavonglng pressure of 0,10 .to
D.15 atme before the porte. The prossure p4y becomes im~

_portant abovo & certaii rovolution spood, from which point
Pg 1Incroasos rapidly. 'The following formula has boen
vorified for the 1ncroaso in the scavonging pressuro'

.Ps = Pi-rl- 0240 X 10~ - Ns?-.‘..nz T '. (12)

Figure S shbws tae results for different quantivies of the
scavenglng modium Independent bf the revblution spsea.

LA
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The theoretical final compression pressure 'pj 1is inter-

sected by ‘the ordinate passing through the-llght-running
revolutlon spead n(. 3Between ny and n = 1,500 r.pe.m.

the scavenglng pressure cannot be followed. In this zone
it 1e almost independent of both n and Ay;. Behind this
gone 1t increases in engines with correctly dimensioned
ports, aqpshown.in:tﬂg figure, according to the square of
the revolution quéd'aﬁd of thoe quantity of the scavenging
modium,. Figure 9 sho¥s that a scavenging pressure of 1
atmosphoro is to bo-8xpoctod in an ongine runaning with

Ag = 1.2 at 3,600 r.pems Evon at Ag = 1.0, that is,
with the volumo of the scavenging-medium oqual to the pis—~
ton displacement, pg 1s 8t1ll.0.75 atm. at this re.pems,
but 1s only 0,52 atm. at 2,000 Repem,

Prossuros abovo 0,75 atm. are highly questionable from
both the scavonging and thermal viowpoints, The spocific
powor (output por liter) of high-spood two-stroke~cyclo
ongines 1s limited by tho qualitativo and quantitativo
scavonging procoss, elthor with rospoct to tho r.peme or
to the quantity of the scavenging medium. The working
ronges of charged ond supercharged engines are thus chare
acterlized, The term "charged englne! hore means an enzine
in which tho quantity of tho scavonging modium 1s so groat
that, aftor complotion of the scavonging, thoro still ro-
meins in tho eylindor a quantity V, of tho scavenglng
modium corrosponding to the piston displaconmont. Since
the charging efficliemcy m,' = mg )gs» the value of Ag

nust be greater than 1,0, because r,g 18 always less than
l.0s If m,;' 18 greater than 1.0, 1t 1s then a super—
charged engine. Y

In thils state of affailrs, there 1s renewed reason for
calllng attention to the fact that the best endeavors
should be devoted not merely to the gquantitative but also
to the qualltative improvement of the two-~stroke-cycle en-
€lne, This necessitates still further intensive research
in the flelds of scavonging, carduretion, combustion, and
the designing of practical fuel-=injcecctlon pumps and new
engino types,

Tho .pg curves 1n flgure 9 are based on the assump—
tion of & constant quantity of the scavenging medium, .In
reallty thils varles according to the diminishing volumsirlc
efflc¥ency m, of the stavenging pump .with increasing rev—
olution espeeds If, for.example, Ag = 1.2 at 1,800 p .oxd
, LN
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drops to 1.0 at 2,600 n and to 0.66 at 4,000 n. thé actual-
‘scavenglang~pressure:curve for 'this engine can be- glétted
Py. Joining the cor¥esponding points of the indivil i-"pyd

curves in figure 9::.:Figure 10 shows such an examplé. - ﬂha
.pcavenging~pressure:curve pg, due to the diminighing

volumetric efficlency m,, takes a turn at 2,000 r.pem.’

and-sontinudlly rocedes- farther from tho stcoply- ascending
.cirve” ‘(pg) ‘Ag = constant. Tho dash-dot lime ropresontu

the- above—mentioned phetiomenon, where pi (1n the preaent
1natanca 0.3 atm.) is not valid. Such. pg ,curves with

turning point._aro,. in fack, fregnently fqund in tochnical
ronortp. In stationary engines. whoro thg revolut;en [T
g§peéd’ 'increases less (say _from 1 000" ta .1,500 n),. oply -the
descending portion of thd curvé, some%imea plotte& as a
stralght line, 1s,qf§en to be. sean, elthough the.tendency
"of tlo" eurve is qutte difforent. as.has beon. dqnonptratod.
Morqovor, the Tocatf{on 6f .the turning point pornifs & suro
conclusion rogarding thq.proconeos 1n thoe scavonging. “pump
and ‘indicatcs whon and hoéw much.tho volumctric officioncy
dininighos, and to what oxtont.thormal peculiaritios or
flow phenomena cdn bo romovod.. I

e s

Scavenging Ooﬁsidé;eﬂ Threp-Diﬁensiohﬁlly;?;

48 already’ explainaﬂ the result of the qcavenging
has hitherto been evaluated slmply according to the form
.0of the scavenzlng-pattorn in the largest 1ongitud1nal cyl—-
inder cross section, tho axial scction or, as ldbre desig-
nated, tho main longitudinel cylindor crosa.section, It..
is thus tacltly assumod that tho scavonging in thoe neigh-
Jboring longltudinal cylindor secilons is offectoed in tho
‘sano or in a vory similar .mannor. 4dctually such is not at
all the case. If tho scavongins. process 1s considered
throo~diunonsionally, Jjust as it roally takes placo, lmpor—
tant conclusions are roached, :Tho two~dimensional scav—:
onging-typo officloncy mge - hre. alroady boon designatod
as tho ratio of tho aroa swopt by tho scavonging curront-
to tho whole arca of tho lonzitudinal cylinder section in-
yolvode Tho tiroo-dimonsional consideration leads to tho
throe-dimonsional- scnvoncingbhypo‘officiondy Mev and
thorofg&% dbnotcs‘thc ratio of tho uctually scuvenged por-
* 340n - tho’ cylihdor vdlnme (1nc1nding tno combubtion_
"spacp to the wholo cylln&or volumo. .

On the basis of matnomntical consldorations tho wvalue
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Mgy con'be as 1itfle detorminod as one of the mys -valuos,

TE?EhEh "fdndimental conslderations, however, we can find
the measures which lead to the hlzheet posslidle value of
nsva These measures are valld for all scavenging methods,

in whigh the scavengling medium, after reaching a maximum
point 1in the cylinder, flows in the opposits direction.
"These scavenging methoda are mainly crose-eoaVenging and
1oop—scavonging.

It hes already been e:plained that the Mef ©of any de-

sired longitudinal cylinder section can be determined from
_the following factore._ . .

g) Cylinder dlameter,

b) Stroke ratio s/D,

c) Height of scavenging port o! s,

d) Scavenging pressure DPg,

. 8) Bhape of combustion chamber,
" £) 'Shape of piston.

The factors .a to 4 have already been discussed, while
_the even better-known factors e and £, have yet to be
_investigated. '

_ .'In a two-stroke—cycle eugine of bore D and stroke
8, when an advance is made from the middle by the amount
x on the X~axis perpendiculdr to the longitudinal cylin-
der axis (Z—azie). the stroke ratio changes from- /D to

"~ a/Dx = 3/2 ,/_ -~ x®, a function which is represented in

'figure 11. If eeveral scavenglng ports .of constant height
ot'.s ‘are arranged on the cylinder. circumference, the scav-
engingrtype coefficlent pB. then changes from at 8/D to

'5/2 J %; - x3,

Accordingly, if, in a two-stroke~cycle . engine,. the
sfavengling ports on a-'certain portion -of.the cylinder -cir-
cumference are all-made of the same heilght, as.has.always
" .besn the case,  the scavénging-type coefficient P,  as_cal-
_culated from the plané of the main lonzitudinal cylinder
" "section (Y-axis), changes eorntinually. in the.direction of
- the p-curve of filgure 1ll. When, .therefore, the best value

"b#'"mg$ 18 realized in'the principal plane by sultadly di-

mensioning the scavenging ports, 1t must diminish’ cohgidm
erably in all other planes X,;X,, X3Xz passing through
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.the adjacent -scevenglng portg.- The course of the scaveng-
ing -with wide-open scavenglng po:t (where Nesf - igs & maxl-

mum) . is repreaented in. figureq 12 to 15 for. the cross
.scavenging :of the ordinary type. -Flgure 1b showq a cyl-
inder ¢ross section which corresponds to the flve sgaveng-
1n5 ports .8; to Ss. Tigure 13 shows the best flow in the
longitudinal eylinder section’ X1X; through the ports S»
and S5; figure 14, the flow in the section. X3Xp through
the ports S, and Sg. With respect to the no longer suit-
.able values .0of the faotors:- a to & 1in .the sections:  X;X;
and XpXa,. "the gcavenging current.l, 2, 3 in figure 13 .
“turns prematurely, g£iving rise to the. vortices 4, 5, and
6« The stroke ratio 8/Dy 18 extreme in the longitudinal
cylinder sections X3X3 smpplied by the scavenging ports
S+ 2nd Sgz. The scavenglng eurrent._in order to reverse

its direction 6f flow, woulﬂ have tq tura sharply at the
cylinder head, which is of course, impossible., Hence 1t
actually forma the. short circuit shown in figzure 2, and
the scavenging curront flows acgross the cylinder into the
outlet passago ("cross—-currént scavenging').

The scavenging 1s as complete as poeaiblo ‘'when the
maximum two-~dimensional scevenging-type efficlency ls at-
tained in ell planes passing throuzh the individual scav-
enging ports. This assumes similar flow conditions.

These are obtained.by keeping the scavenging—type coeffi-
client B = of e/Dz constant, Thils is_done by keeping the
acavenging porta. corresponding to the variable value

s/Dx, lower in proportion as they are farther removed"
from the XX-plane. In order that the pcavengling currents,
introduced through the scavenging ports which are always
"becoming ‘lower, may actually rise to the cylinder head d,
-the scavenging pressure pg -1s correspondingly railsed,

so that the scavenging pressure increases as the -hélght of
the ports diminishes,

The scavengling effected by these measures 1s repre-
sented, dby-figures 16 and-1%Z;:. which serve, for cemparison
-with: the gorresponding figurges .33 and 14, -The f£low_ex~
tendp, moreover, -to. the cylinder head. Here thse. vortex
- pocket ls greater, but the iwg~dimensional scavenging-type
efficiency 'is nevertheless considerably highor,. as: the
oomparison very clearly shoews. The deslgnated. arrangement
is advantageous . in aytomobile engimes for attaining. a good
... low~speed., ogeration.t It 4is--equally:suited.for 1oop scav=

enging. . .

. . v e
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s.~When.the B..coefflclent in the. customary, arrapgement
dnégfnotwindicate fhe regulsite value: ixa’ the main longitu-
difal cylinder Bection, P 18 bettef than 14 this section,
due to tne decreasing diameter D and cohaegudntly, Naf
in the,longitudinal.cylinder sections. X;X;.. In-the cross
~8potions st1ll farther rpmoved from tho: XX . plane, mgf
mu;trggginfdecroase cpngidorably. ;; this engine thoro-

v fore.-the.. pcayenging changes suiden}r frbm poor to good. and
vice yversa,-resuiting in a very: unﬂtaﬁla scavenging pat~.
htern.- §ince, however, the main,lpngltudinal cylinder sec~
ntlon . pultiplied by the width .of.- the..cprresponding acaveng~
dng-. p@rt 8; represents the: mazimum.part of the oylinder

.volume to be scavenged, even- this engine 1ls based on the.-
wabove~described arrangement with eonstant B coefficlend
~and-scavenglng pressure. ' o

o !

[ "It is not possidble to_rapreaent the exlsting relation

wbeotween the gquallitative and the quantitatiwe scaveiging,
ofifi:clency on the one hand. and- the three~dimensional scave
s englng-type. efflclency: .mgy - on the other hand, The higher

ﬂsv ;is. .Just go -much’ smaller are the leakage losses and
“Just so much highet ia Mg " as shown by figures:l6 and 17,
On the other hand, the.greater Ngv 18, Just so much.

smaller 1s the share of:the residual fases in the new .
.charge and Just .80 much higher is mg'. The value mgvy :

furnishes a direct critorion for. the result of the ascaw-:
enging on the wholo,- Its exporimental detorminatlon, hov-
evor, 1is extromoly problematical. -

Eliminating the Vortex Pocket .}. ;m

The three—~dlimensional. scavenging—-type. efficlency .can
be further improved, when one suocceeds; in: driving oul the
vortex pocket 7 which 18 formed. in all..the::scavenging:
methods, excepting the unaflow scavenging. In cross scav-

. enging, this pocket 1s located immedlately over the piston
head,” It is worth noting that the: vortex pocket automat-
ically increases, the more completely.tho scavonging cure
rent -1, 2, 3 flows through the: eylinder.:- In the lLoop scav-
enging, fundamental form I, it .llee hetween the inflowing

-and outflowing scavenging curreant, while in .the fundamental

-~ form. II 1% lies partly over - the piston.head and partly =s

la- the fundamental form I. .4 vortex pocket, -im the proper:
sense of the term,: 1s; formed especially in turbulent. scav-

enging... Here;the: scavenging proceeds about.a.rptating.. .
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;pocket on the axis of the oylinder. This-pocket 1s not
Griven out and impairs” the three~dimensional scavenging-
type efficiency.

What first concerns the elimination of the vortex
pocket 7 (fig. 12) can be determinocd by’ tho following sime-
ple dovice. Tho piston b (fig. 18) conteins a trumpot-
'S—shaped passage £, of which one opening: g, 1s directed
toward the scavenging port '§ and the other opening ' h,
~“1gdirected toward the ' inside of the cylinder. During the
“downstroke of the piston the scavenging current enters: the
ylinder a, &ccording to its gradually developed excess
pressure at the position of the piston shown in Figure 18,
Phe.- narrow scavengling currént 1, 2, 3 firet begins t6 flow
as shown in this figure., This first phase of the scaveng-
ing does not last so long as the second phase (fig. 19).
&t the instant when the opening g,- of the-plston pasaage
f, directed toward the scavénging port 8§ “in tihe- furthér
~fescent of the piston, 1s opposite the scavenging curzedd
+1,°2, 3, & portion of the scavenging medium flows “throdgh
the S~-shaped passage f and leaves.by the opening. g. In
.80_4doing, it partially expels the vortex pocket 7 and par—

"'t1ally forces it into the path of the. scavenging current
1, 2, 3, by which’1lt is then expelled. 'During this proc-
ess the scavdnging current 1, 2, 3, first flcying accord-
ing .to figure 18, is eimnltaneoubly driven by tlie scaveng-
ing current 8, 9 from below toward the cylinder head 4,.
-and is thus prevented from forming as.represernted.in fig-
ure 13 in the much longer second phase of scavenrging, ' 4t
the same time, the flow is improved. After a corroespond-
ing altoeration of the piston, this arrangement can also be
employed for the loop scdavenging. .

Thoe olimination of tho rotating vortox pockot 7 in
the turbulent scavenging 1s most simply accomplished by
means of a parallel current flowing along the axls of tle
eyllinder inside the vortical. currents In this-process. tie
parallel current must beé admitted subsequently ‘into the
e¢ylinder, in‘order to avoild 8ss of thé scavenrging medium,
In the flow from the piston Bottom dead center, as it oc=-
curs in the opposed-piston- engine or:- in the U=cylinder, -

- the parallel current is "introduced -through several piston
passages oy° correeponding to the' vorticel-ctfrént pas-
sages S5 aund centrally united as showr "ih figtre 20. The
vortical~curredt pasgsagea, wilch supply -the piefen passdges
7@y -are lowér.than the -others, so that tha. psraElel GUT -
-rent, ‘'which.-has a sBexrfer .distants " t6 go, ‘willbe intrtar:
ducedicorrespondingly- tatet,. -Inmtheﬁﬂlowarcmehe~to§rJf
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dead center to the hottom dead center a valve serves to
control the parallel current 1n the msual manner,

Summary

The vlewpointe are dlscusged, according to whlch the
scavenging of two-stroke—~ocycle engines cdn be evaluated,
and the relations between the scavenging pressure and the
quantity of the scavenging medlum required, as also betwesn
the scavenging pressure and the revolutlon speed, are de~
veloped, It 1s further shown that the powor 1lncrease is
limlted by the scavenging process, so that further re-
soarches ere deosirablo for qualitative improvemont. Theso
results load to sevoral conclusions rogarding the propule—
slon of motor vehlcles by two-stroko-cycle engines,

Lastly, attentlion is calloed to the fundamontal defoct
of the two-dimonsional treatment of the scavonging procoss
and to tho consoquent distinction betwoeon tho two-dinen-
sional and throe~diinensional scavenging-type officlency.,
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) TABLY
Loop
Unaflow Loop scavenglng |scaveng— | U-cyl-
gscaveng- Fundamentel ing inder
ing form I Funda-
mental
form II
s (mm) 90 90 90 70
D (mm) 60 60 60 48
8/D 1.5 1.5 1.6 1,46
vy (cm3) 265 265 266 264
| O 2]
Y - 0,10 0,10 0.25 0.20
6 - 0005 0005 0005 b
ot 0.20 0.10 0.13 0.20 0.20
Oy 0.25 0.25 0.28 0.25 | 2X0,20
Ty (cm®) 64 64 72 64 51
LA - 0.60 0.60 0.30 0.60
2 g deg. 116 82 94 116 116
B = ot 8/D 0.30 0el5 0.195 0.30 0292
3acoon
Zg (cm3) 0.08% 0.031 | 0.0456 | 0.0435 0,064
Wg (cm?® deg.) 1570 588 820 786 973
(zg)g>"0°" 342 121 178 171 212
(Wg)g 6+16X10° |[2.18x10°% |3.21x10%| 3.08%X10° |3.33x16°
fg (om®) 20,4 10.2 13.3 10.2 12.7
fg! cn®/cm® 0.08 0.04 0.06 0.04 0.05

(The

Zs and (ZB)B

values are valid for 3,000 T.p.m,)
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Power required for scavenging
pmp #'f(’iﬂ”’i’w

”;,,h Piston displacement

Figs. 6,7,8
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Scavenging pressure A -C4) .y
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